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Abstract--- A new travelling wave based directional protection 

technique is used in this paper.  An extra high speed busbar 

protection is achieved by this technique. Within a short period of 

fault occurrence, positive and negative direction travelling waves 

are extracted, respectively and the corresponding ratio is 

calculated. This obtained ratio is then compared with a set 

threshold value. If the ratio value is less than this threshold, the 

fault direction is thought as positive; otherwise, the fault 

direction is negative. To evaluate the proposed technique, a 

typical busbar model was built in PSCAD/EMTDC and the 

proposed method is verified. 

 Keywords--- Directional travelling wave, Fault location, 

Transient detection 

I. INTRODUCTION 

HE exact fault location in real power grid is a problem that 

has been studied over decades. Fast detecting, isolating, 

locating and repairing of these faults are critical in 

maintaining a reliable power system operation. The theory of 

travelling waves has been recently introduced for this purpose. 

Such methods are based on the theory that considerable 

change of voltage at the fault point results in transient waves 

that propagate along the transmission line, with a velocity 

close to that of light. These fault generated transient 

components contain a great deal of information such as fault 

type, time, direction. If these fault generated transients can be 

precisely extracted, extra high speed busbar protection will be 

achieved 

 Until now, the principles of  busbar protection can be 

classified into two types based on power frequency 

components and transient components. Conventional system 

protection that includes overcurrent or distance systems, will 

be applied only to relatively simple distribution systems[1]. in 

[2] a fault detection algorithm based on the positive and 

negative sequence models of the power system is used. A 

novel technique that distinguishes faults in a busbar protection 

zone, from outside zone is introduced in [3], which works on 

the concept of directionality. A different approach to 

directional protection, based on the wavelet transform of fault 

transients is presented in [4]. 
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A novel travelling wave based ultra high speed directional 

protection was presented in [9]. Simulation results 

demonstrated that the proposed technique is unaffected by fault 

position, fault resistance, and fault type. Referring to the 

aforementioned method, this paper proposes a travelling wave 

fault position, fault resistance, and fault type. Referring to the 

aforementioned method, this paper proposes a travelling wave 

based directional busbar protection technique. A very simple 

method using Park‟s Transformation is used to perform the 

transient detection. The main idea can be described as follows. 

When a fault occurs on a busbar, the direction of detected 

initial travelling waves on all lines connected to this busbar is 

positive. If the fault occurred is in any of the transmission lines, 

the direction of detected initial travelling  wave on healthy 

lines is positive, but that on the faulted line is negative. During 

a very short period of postfault, a busbar fault or line fault can 

be fast identified according to the amplitude integral 

relationships between positive travelling wave and negative 

travelling wave. Feasibility of the presented technique is 

verified by building a 230kV busbar test system in 

PSCAD/EMTDC. 

II. WORKING PRINCIPLE  

A. Theory of Travelling wave propagation 

A simple busbar configuration is shown in Figure 1, 

where lines 𝑙1,  𝑙2 and 𝑙3 are connected to busbar B, and 𝑅1,

𝑅2 and 𝑅3 denotes the respective relay of lines.  

 

 
  Fig. 1: Model of a Busbar Structure 

 

 

Fault Detection and Localization Using Travelling 

Waves 
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In Fig. 1, when a fault occurs on the line, the 

travelling waves generated by this fault will propagate to both 

ends from the fault point along this line. The reflection and 

refraction of travelling waves will appear at these points, where 

wave impedances are discontinuous, such as fault point and 

busbar. 

According to the telegraph equations, if 𝑅1 is assumed 

as the zero reference point, for any position, the transient 

voltage and current are as follows: 

∆u =  𝑢+  𝑡 −
𝑥

𝑣
 + 𝑢−(𝑡 +

𝑥

𝑣
)         .......(1) 

 ∆i = 
1

𝑧𝑐
[  𝑢+  𝑡 −

𝑥

𝑣
 + 𝑢−(𝑡 +

𝑥

𝑣
)]  ......(2) 

𝑢+ and 𝑢− are the forward travelling wave along the 

positive direction and backward travelling wave along the 

negative direction of the line, respectively. 𝑣 represents the 

propogation velocity of the travelling wave and 𝑧𝑐  is the wave 

impedance of the line. 𝑥 gives the distance from busbar, where 

fault occurs and t is the time at which fault occurs. Equations 

(1) and (2) which represent the transient voltage and current at 

any position along this line, are the superposition of forward 

travelling wave and backward travelling wave. The forward 

wave and backward wave can be obtained by solving equations 

(1) and (2) and is given as: 

 

𝑢+ =  
(∆𝑢+ 𝑧𝑐∆𝑖)

2
              ................(3) 

𝑢− =  
(∆𝑢  − 𝑧𝑐∆𝑖)

2
              ...............(4)   

 

III. PROPOSED PROTECTION SCHEME 

The proposed scheme is intended to operate as explained 

below. Consider there are „n‟ transmission units connected to 

the same busbar, with „n‟ relay units connected respectively. 

Each relay unit independently acquires current and voltage 

signals of the local bay itself, discriminates the fault direction, 

and sends the discrimination result. Any unit, in which there is 

a positive direction fault, will not issue a tripping command to 

the local breaker. If in one unit there is a negative direction 

fault and all other units have the same discrimination results, 

then it will immediately issue a command to trip the local 

circuit breaker (CB). In this case, an internal busbar fault has 

been verified, and all units will issue the trip command at once, 

so the faulted busbar is separated. For any other situations, all 

protection units must be kept stable. 

A. Detection  Algorithm 

According to the superposition theory, when a fault 

occurs, the post-fault voltage or current consists of two parts: 

the prefault steady-state component and the fault generated 

component. The second component can also be divided into 

two parts: the steady-state component and the transient 

component. This transient component is the so called travelling 

wave.  

 In this work, to make use of the transient components 

of broad frequency bandwidth, instead of using the wavefront 

amplitude of initial travelling wave, the waveforms of positive 

direction and negative direction travelling waves are integrated 

during a specific time of post-fault, respectively. According to 

the integral values of directional travelling waves, the criterion 

identifying the fault direction may be established.  

 For each line, defining the positive direction of the 

travelling wave is from the busbar to the line itself. Signals 𝑆1 

and 𝑆2 which denote the sum of amplitudes of all detected 

positive and negative direction traveling waves, respectively, 

are as follows: 

 

 𝑆1 =  |𝑢+ 𝑡 |𝑑𝑡
𝑡0+𝜏

𝑡0
           ...................(5) 

                𝑆2 =  |𝑢− 𝑡 |𝑑𝑡
𝑡0+𝜏

𝑡0
           ...................(6) 

 

Where, 𝑡0 is the instant that the initial travelling wave arrives 

at busbar and τ= min{
2𝑑𝑖

𝑣
} for 𝑑𝑖  is the length of 𝑙𝑖 . 

To determine the fault direction conveniently, a ratio is 

defined as: 

 

    𝜆 =
𝑠1

𝑠2
                           .........................(7) 

If ratio, λ is less than a threshold, 𝑘0 (0< 𝑘0<2) the fault 

direction is identified as positive. Otherwise, the fault 

direction is identified as negative. If the identified results from 

all lines are negative, then a busbar fault can be determined. 

 

i. Fault detection 

Each protection unit independently acquires current and 

voltage signals of the local bay itself. These voltage and 

current signals are sampled at a high sampling rate, and then 

these sampled values are filtered to obtain the incremental 

components. For a three phase power system, the Clarke 

transform technique is applied to decouple the voltage and 

current signals, and further the extracted aerial mode 

components of voltage and current are used to form the 

directional travelling waves. 

The first block, filter and A/D, performs the sampling 

of current and voltage signals and the high frequency transient 

components are obtained digital signals. These incremental 

components are then transformed into a static reference frame 

through clarke‟s transform technique. The Clarke transform 

matrix is expressed as: 

 

  

𝛼0

𝛼1

𝛼2

 =  
1

3
  

1 1 1
2 −1 −1

0  3  3
     [

𝛽0

𝛽1

𝛽2

 ] ......................(8) 
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where 𝛼0 is the zero mode component of voltage signal or 

current signal, 𝛼1 and 𝛼2 are the aerial mode components of 

voltage signal or current signal; 𝛽𝑖  is the phase voltage or 

phase current (i = a, b, c). 

Then the waveforms of directional travelling waves are 

obtained from equations (3) and (4). The so obtained 

directional travelling waves are then integrated using equations 

(5) and (6), and their ratio is derived from equation (7). If the 

derived ratio is less than the threshold value, the fault direction 

is identified as positive. Otherwise, the fault direction is 

identified as negative. The results from each individual bay unit 

is then passed from the local relay through communication 

channels. If the identified results from all lines are negative, 

then a busbar fault can be determined. 

 

ii. Fault location 

Voltage signals from both transmission line ends are used 

to detect the first transient instants  𝑡11 and  𝑡21  , the line length 

and the propogation velocity of aerial modes are known, 

equation (8) is used to calculate the fault point location. 

 

  𝑑 =  
(𝑙+(𝑡11− 𝑡21 )𝑣

2
        ...................(8) 

 

Where 𝑡11  is the initial transient instant at Bus 1, 𝑡21  is the 

arrival instant of the reflected wave at Bus 1, d is the distance at 

which fault occurs, 𝑙 is the line length, 𝑣 is the velocity of 

travelling waves. 

The orthogonal voltage phasors in static reference frame is 

obtained through Clarke‟s transformation. Park‟s 

transformation is applied to the output voltage signals of 

Clarke‟s transformation to obtain the voltage  𝑣𝑑 , used to 

determine the fault location. 

For high impedance fault cases, 𝑣𝑑  coefficients 

presents high attenuation. Thus, to increase the sensitivity of 

the proposed algorithm, difference coefficients (𝑐𝑑𝑖𝑓𝑓 ) are 

calculated using Taylor´s approximation: 

 

𝑐𝑑𝑖𝑓𝑓  𝑖 =
𝑣𝑑 𝑖 −𝑣𝑑(𝑖−1)

∆𝑡
……………(9) 

 

Where, 𝑣𝑑  is the direct axis component, i is the sample number; 

∆𝑡  is the time step. 

 In this work, 𝑐𝑑𝑖𝑓𝑓
2 will be used to detect the initial 

transient instants in monitored terminals. 𝑐𝑑𝑖𝑓𝑓
2 makes the 

transient detection more robust because coefficient related to 

transient signals are amplified and coefficients related to 

normal conditions of the system are kept with low magnitude. 

In a two-terminals fault location method, 𝑐𝑑𝑖𝑓𝑓
2 from both 

line ends must be calculated. The analysis of 𝑐𝑑𝑖𝑓𝑓
2 coefficients 

allows the identification of the sample number in which occur 

initial transients. So, to use (8) to estimate the fault point, it is 

necessary to obtain the initial transient instants in seconds. 

𝑐𝑑𝑖𝑓𝑓
2 with magnitude below a given preset threshold are 

eliminated and so, coefficients related to noise and low 

frequency oscillation are ignored. Consequently, only 𝑐𝑑𝑖𝑓𝑓
2 

coefficients related to transients by the fault occurrence are 

considered. 

 
Fig. 2 𝑐𝑑𝑖𝑓𝑓

2 coefficients related to terminals 1 and 2 

III  SIMULATION RESULTS  

In order to verify the concept of the protection scheme 

discussed, a 230kV busbar test system is constructed. 

  
Fig. 3. Simulation model for the busbar structure 

 

Fig. 2 shows the constructed 230 kV system in 

PSCAD/EMTDC, modelled as a simple power system 

represented by a single circuit, three phase transmission line 

with lumped parameter equivalent sources at each line end. A 

power network can have many possible system configurations. 

The main objective here was to select a more practical system  

configuration to identify the feasibility of the proposed 

protection scheme. 

Considering various external fault occurring at 𝑓2  in order 

to test the feasibility of proposed criterion. The simulation 

results are shown in Table I. It can be seen that the amplitudes 

of the positive direction travelling waves detected by units 𝑅1 

and 𝑅3 are all greater than those of the negative direction 

travelling wave, but for unit 𝑅2, the situation is just the 
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opposite. According to the calculated ratio in Table I, an 

external fault can be determined. So the discrimination result 

is correct. 

                      TABLE II 

 Fault Location Results for External Fault 

Protection 

unit 
𝑺𝟏(𝒌𝑽) 𝑺𝟐(𝒌𝑽) λ 

Fault  

Direction 
Analysis 

𝑅1 417.1 188.9 2.207 Negative External  

𝑅2 491.8 720 .683 Positive External 

𝑅3 417.1 188.9 2.207 Negative External 

 

 
        (a) 

 

        (b) 

 

       (c) 

      Fig. 4. Detected Directional Travelling Waves for an External Fault at  𝑓2  

  

Regarding a three phase to ground fault occurring at 𝑓2  away 

from busbar, figure 3(a)-(c) shows the detected directional 

travelling waves at unit 1,2 and 3 respectively 

 

In Table II is shown a general analysis of the simulations 

for an internal fault, in which it can be seen that  𝑺𝟏 is greater 

than 𝑺2 for any relay unit. Therefore, each protection unit 

determines that the fault direction is negative, which means 

this fault occurs on the busbar. So the discrimination result is 

correct. 

 

TABLE I 

 Fault Location Results for Internal Fault 

Protection 

unit 
𝑺𝟏(𝒌𝑽) 𝑺𝟐(𝒌𝑽) λ 

Fault  

Direction 
Analysis 

𝑅1 1092.3 484.6 2.254 Negative Internal  

𝑅2 382.4 225.4 1.696 Negative Internal 

𝑅3 1092.5 484.7 2,254 Negative Internal 

 

 

(a) 

 
(b) 

 
(c) 

      Fig. 5. Detected Directional Travelling Waves for an Internal Fault at 
Busbar 

  

IV  CONCLUSION 

In this paper, an approach for fault location on power 

system analysed using travelling waves was presented. The 

travelling waves initiated by a fault depend not only on the 

fault position but also  on the fault type, the fault inception 

angle, fault impedance and the power system configuration. 

These factors consequently have an influence on the reliability 

of the decision made by a travelling wave protection scheme. 

The first wavefront initiated by a fault that appears at the relay 

location contains information about the fault direction, fault 
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type and fault inception angle. This initial information can be 

used to determine whether the travelling wave algorithm will 

be able to identify a disturbance and classify it as an internal 

or external fault. A 230kV busbar test system is developed 

using the simulation tool PSCAD/EMTDC. Different fault 

conditions are applied and corresponding waveforms are 

observed. 
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